METHOD FOR REDUCING DARK CURRENT IN IMAGE SENSOR 


Field of the Invention 

5 The present invention relates to a semiconductor device; 

more particularly, to a method for fabricating a CMOS image 
sensor having a plurality of unit pixels which are capable of 
reducing a dark current. 

10 Description of the Prior Art 

As is well known, an image sensor is an apparatus for 
sensing a light beam reflected from an object to generate an 
image data. Especially, an image sensor fabricated by using a 

15 complementary metal oxide semiconductor (CMOS) technology is 
called a CMOS image sensor. 

Generally, the CMOS image sensor includes a plurality of 
unit pixels. Each of the unit pixels also includes a light 
sensing element and a plurality of transistors. The light 

20 sensing element such as a photodiode senses incident light 
beam to generate photoelectric charges corresponding to an 
amount of the incident light beam. The transistors perform 
switching operations to control a transfer of the 
photoelectric charges . 

25 Fig. 1 is a cross-sectional view showing sequential steps 

of fabricating a conventional unit pixel contained in a CMOS 
image sensor . 
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Referring to Fig. 1, a P-type well 12 and a field oxide 
layer 13 are formed on a semiconductor substrate 11, and a PN 
junction region 17A and 17B is formed in the semiconductor 
substrate 11 to thereby provide a photodiode 17. Then, a 
floating junction region 18 A, to which photoelectric charges 
generated in the photodiode 17 is transferred, is formed 
within the semiconductor substrate 11. 

Then, a transfer transistor TX for transmitting the 
photodiode to the floating junction region 18A and a reset 
transistor RX for resetting the floating junction region 18A 
are formed on the semiconductor substrate 11. A drive 
transistor DX for amplifying a voltage level corresponding to 
the transferred photoelectric charges and a select transistor 
SX for outputting amplified voltage level as the image data 
are formed on the P-type well 12. At this time, the reset 
transistor RX and the drive transistor SX are commonly coupled 
to a common junction region 18B, and an impurity junction 
region 19 of a lightly loped drain (DLL) structure is formed 
between the drive transistor DX and the select transistor SX. 
Also, spacers 20 are formed on sidewalls of each transistors 
TX, RX, DX and SX. 

Then, pre-metal dielectric (PMD) layers 21 and 22 are 
formed on the transistors TX, RX, DX and SX, and interlayer 
insulating layers 23, 24 and 25 are formed on the PMD layer 
22, 

Then, the PMD layers 21 and 22 and the interlayer 
insulating layers 23, 24 and 25 are selectively etched and 


first metal lines Ml, M2 and M3 and a second metal line M4 are 
formed thereon, respectively. The first metal lines Ml, M2 
and m3 and the second metal line M4 used to connect the 
transistors TX, RX, DX and SX with an external elements are 
5 formed with staked layers of Ti/Al/TiN. 

Then, a passivation layer formed with an oxide layer 29 
and a nitride layer 30 is formed on the second metal line M4 . 

Then, a color filter array (CFA) operation is carried out 
to thereby form a color filter 31, and a dyed photoresist 32 
10 is formed on an entire structure. Then, a microlens 33 is 
formed above a portion where the color filter 31 is formed. 

At this time, a number of surface energy states exist in 
a forbidden band due to a dangling bond of a lattice 
structure. The surface energy states result in a recombination 
15 of carriers. As a result, a leakage current is increased and 
a breakdown voltage of the image sensor may be influenced. 
That is, an undesired dark current is flowed so that a 
reliability of the image sensor is degraded. 

20 Summary of the Invention 

It is, therefore, an object of the present invention to 
provide a method for fabricating a CMOS image sensor having a 
unit pixel which is capable of reducing a dark current. 
25 In accordance with an aspect of the present invention, 

there is provided a method for fabricating a CMOS image 
sensor, wherein the CMOS image sensor includes a plurality of 
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unit pixels,, the method comprising the steps of: a) providing 
a semiconductor structure, wherein the semiconductor structure 
includes a photodiode and peripheral elements formed on a 
semiconductor substrate; b) forming an insulating layer on the 
5 semiconductor structure; c) forming a hydrogen containing 
dielectric layer on the insulting layer; d) diffusing hydrogen 
ions contained in the hydrogen containing dielectric layer 
into a surface of the photodiode, thereby removing a dangling 
bond; and e) removing the hydrogen containing dielectric 
10 layer. 

Brief Description of the Drawings 

Other objects and aspects of the invention will become 
15 apparent from the following description of the embodiments 
with reference to the accompanying drawings, in which: 

Fig. 1 is a cross-sectional view showing sequential steps 
of fabricating a conventional CMOS image sensor; and 

Figs. 2A, 2B, 2C, 2D, 2E and 2F are cross-sectional views 
20 illustrating sequential steps of fabricating a CMOS image 
sensor in accordance with the present invention. 

Detailed Description of the Preferred Embodiments 

25 Figs. 2A to 2F are cross-sectional views illustrating 

sequential steps of fabricating a unit pixel in accordance 
with the present invention. 
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Referring to Fig. 2A, after performing a mask operation 
for forming a well region, boron ions are implanted and a 
thermal treatment is carried out to thereby form a P-type well 
region 42 on a predetermined portion 410 of the semiconductor 
substrate 41 by a lateral diffusion. 

Then, after forming a field oxide layer 43 for isolation 
between neighboring unit pixels, four transistors TX, RX, DX 
and SX are formed on the semiconductor substrate 41. Here, 
each transistors TX, RX, DX and SX includes a gate oxide layer 
44, a polysilicon layer 45 and a tungsten silicide layer 46. 
The transistors TX and RX are formed on a first portion 400 
and the transistors DX and SX are formed on the second portion 
410. 

Then, after performing a mask operation for forming a 
photodiode 47, implantation of 1ST and P° ions is carried out 
to thereby form an N~ doping region 47A and a P° doping region 
4 7B which are self -aligned on one side of the transistor TX. 
At this time, the P-type semiconductor substrate 41, the 1ST 
doping region 47A and the P° doping region 47B constitute the 
photodiode 47 of a PNP structure. 

Then, a lightly doped drain (LDD) region 49A is formed 
beneath the transistors DX and SX by implanting boron ions. 
Spacers 50 are formed on sidewalls of the transistors TX, RX, 
DX and SX, and then, impurity junction layers 49B are formed 
by implanting N~type impurity ions. 

Referring to Fig. 2B, a first tetra-ethyl-ortho-silicate 
(TEOS) layer 51A is deposited on an entire structure by using 


a low pressure chemical vapor deposition (LPCVD) , and a 
borophospho-silicate glass (BPSG) layer is deposited on the 
first TEOS layer 51A by using an atmospheric pressure chemical 
vapor deposition (APCVD) . Thereafter, a thermal treatment is 
5 performed to reflow the BPSG layer 51B. Here, a stacked layer 
of the first TEOS layer 51A and the BPSG layer 51B are called 
a pre-metal dielectric (PMD) layer 52. 

Then, a hydrogen containing dielectric layer 53, whose 
thickness is a range of 7000 A to 8000 A, is formed on the PMD 
10 layer 52 by using a plasma enhanced chemical vapor deposition 
(PECVD) . At this time, the hydrogen containing dielectric 
layer 53 is formed with one of SiO x , SiN x , SiO x N y , Si 3 N 4 , and 
the like. 

Then, a thermal treatment is carried out to diffuse 
15 hydrogen ions contained in the hydrogen containing dielectric 
layer 53 to a surface of the photodiode 47. Thereafter, a dry 
etching or wet etching operation is performed to remove the 
hydrogen containing dielectric layer 53. Here, a hydrogen 
content in the hydrogen containing dielectric layer 53 is 
20 controlled by a degree of vacuum, a temperature and an 
injection amount of NH 3 /SiH 4 gases in the process of the 
PECVD. 

Referring to Fig. 2C, an isotropic etching operation is 
performed by using a buffered oxide etchant (BOE) to thereby 
25 form a contact hole on the impurity junction region 49B. Then, 
Ti/Al/TiN layers 54, 55 and 56 are sequentially deposited on 
an entire structure, and a mask operation and an etching 


operation are carried out to form a first metal line 57. 

Referring to Fig. 2D, a second TEOS layer 58 is deposited 
on the first metal line 57 by using the PECVD. A spin on glass 
(SOG) layer 59 is coated two times and a planarization of the 
5 SOG layer 59 is performed through a thermal treatment and a 
plasma. Then, an interlayer insulating layer 60 is deposited 
on the SOG layer 59 by using the PECVD. 

Referring to Fig. 2E, after performing a mask operation, 
an isotropic etching operation is carried out by using the 

10 BOE, and then, an anisotropic etching operation is carried out 
to thereby form a contact hole. Then, Ti/Al/TiN layers 54A, 
55A and 56A are sequentially deposited on an entire structure, 
and a mask operation and an etching operation are carried out 
to form a second metal line 61. Thereafter, an oxide layer 

15 62A and a nitride layer 62B are deposited on the second metal 
line 61 by using the PECVD . 

Referring to Fig. 2F, the nitride layer 62B and the oxide 
layer 62A are selectively etched to expose a predetermined 
portion of the second metal line 61. Then, a dyed photoresist 

20 is coated on a upper portion of the photodiode 47 and a color 
filter 64 is formed by using an operation of a development. 
Then, a microlens photoresist layer 65 is formed and a 
microlens 66 is formed on the microlens photoresist layer 65. 

As described above, by diffusing the hydrogen ions 

25 contained in the dielectric layer into the surface of the 
photodiode by using the PECVD, an unstable dangling bond is 
removed and a recombination of carriers is reduced in the 
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surface of the photodiode, thereby reducing the dark current 
of the photodiode caused by a leakage current. 

Although the preferred embodiments of the invention have 
been disclosed for illustrative purposes, those skilled in the 
5 art will appreciate that various modifications, additions and 
substitutions are possible, without departing from the scope 
and spirit of the invention as disclosed in the accompanying 
claims . 
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